Acid mine drainage, which can degrade stream quality, has commonly been associated with surface mining throughout the coal regions of Pennsylvania. The Pennsylvania Department of Environmental Resources (PaDER) is responsible for maintaining acceptable water quality for both surface-and ground-water systems throughout Pennsylvania. The PaDER, Bureau of Mining and Reclamation, is involved with Cumulative Hydrologic Impact Assessments (CHIA) during their appraisal of mine permits in order to assess possible adverse environmental impacts resulting from existing and anticipated mining operations. The Bureau, therefore, requires that coal-mine permit applications contain information on the existing water-quality conditions for the applied areas.
The time frame associated with the review of coal-mine permit applications does not allow for extensive collection of water-quality and quantity data once a permit has been requested. Only a limited amount of background data can be collected and evaluated before the Bureau must respond to an application. Therefore, surface water-quality and quantity data bases for basins within the coal regions of Pennsylvania need to be established.
Purpose and Scope
This report presents hydrologic and water-quality data for the Little Clearfield Creek basin. This data was collected over a range of hydrologic conditions from December 7, 1987 through November 2, 1988 . An in-depth interpretative analysis of these water-quality data is not within the scope of this report. The information presented here will be incorporated by the Bureau into a CHIA of the Little Clearfield Creek basin. The CHIA will involve a more detailed analysis of this water-quality data as well as the basin geology, biology, and cultural characteristics.
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DESCRIPTION OF STUDY AREA Location
Little Clearfield Creek basin, located in Clearfield County, encompasses a 44.5-square-mile drainage area ( fig. 1 ). This basin is within U.S. Geological Survey Hydrologic Unit 02050201. The surface-water drainage, dominated by Little Clearfield Creek, discharges into Clearfield Creek near Dimeling, Pa. The headwaters of Little Clearfield Creek, located along the southwestern part of the basin, include Watts Creek, Green Run, Stony Run, and McNeel Run as well as many unnamed tributaries.
Physiography and Geology
Little Clearfield Creek is located within the Appalachian Plateau physiographic province. The underlying geology is characteristic of the Allegheny and Conemaugh groups (Berg and others, 1980; . The Upper and Lower Freeport coal seams have been extensively surface mined within the basin. Mining of the deeper Upper and Lower Kittaning coal seams has been more limited. Although reserve deposits of Freeport and Kittaning coals exist within the basin, the extent of future mining is difficult to predict (Pennsylvania Department of Environmental Resources, written commun., 1988).
A trellised drainage pattern has produced well-developed stream valleys. The topography is characterized by steep to moderate slopes. Basin elevations range from 1,150 feet above sea level near the basin outflow to about 1,930 feet at its highest point. The irregular channel has an overall length of about 20.1 miles and a slope averaging 18.6 feet per mile (Shaw, 1984; Shaw and Busch, 1970) .
Air Temperature
The temperate climate associated with this study area is representative of the climatic conditions which dominate Pennsylvania. Air temperatures range from near 0 °C (32 °F) in December, January, and February, to nearly 40 °C (100 °F) in June, July, and August. Although freezing temperatures are common during the winter months, periodic warming trends tend to minimize the development of a persistent snowpack throughout the basin.
The steep hills within the basin shade certain reaches of Little Clearfield Creek. This shading condition, in combination with low winter air temperatures, periodically enhances the formation of anchor and shore ice, particularly along the lower stretches of Little Clearfield Creek. 
Precipitation
Annual precipitation for the Little Clearfield Creek area averaged 38.9 inches from 1970 to 1987. Precipitation amounts were measured about 2 miles away from the basin at Curwensville Lake. For periods when precipitation data were unavailable for this station, data from stations at Madera or Clearfield were incorporated into this historic record (U.S. Department of Commerce, 1970-88) . Precipitation for the 11-month period of study totaled 29.4 inches, 18 percent below historic records for the same corresponding 11-month period. The distribution of the 1988 monthly precipitation totals also differed from the historic monthly distribution (fig. 2) . The normally high precipitation associated with June was absent during 1988. The streams in this basin reflected this lack of precipitation with substantially lower flows during this period. Higher than normal precipitation during February produced the peak flow during the investigation. 
Land Use
About 75 percent of Little Clearfield Creek basin is covered by forest. Mixed hardwoods such as oak, maple, hemlock, and hickory dominate the vegetative community. These species commonly are associated with logging operations. Agricultural practices, namely pasture and dairy farming, account for about 25 percent of the basin's remaining land cover.
Surface-mining operations, which affect both land cover types, are the only major industrial activity in the study basin. Prior to 1981, mining operations affected about 21 percent of the total basin. Since that time an additional 18.5 percent of the basin has been permitted for surface mining (Pennsylvania Department of Environmental Resources, oral commun., 1989 
METHODS AND PROCEDURES

Sampling Design
An initial field reconnaissance of the study area helped determine the appropriate surface-water sampling locations. One continuous-record waterquality monitoring station was installed near the mouth of Little Clearfield Creek. Seventeen partial-record water-quality sampling sites were established throughout the basin on the main branch of Little Clearfield Creek and on several key tributaries. This sampling design provided an opportunity to assess the water quality throughout the drainage basin during a range of hydrologic conditions. The name of each sampling site, drainage areas, and its latitude and longitude are listed in table 1. The location of each sampling site is shown on figure 1.
The water-quality station on Little Clearfield Creek was instrumented to provide a continuous record of stream stage, pH, specific conductance, and water temperature. The station was visited monthly for the collection of water-quality samples and discharge measurements. This station was equipped with a Water-Stage Servo-Manometer Bubble Gage, which was coupled with an Analog Digital Recorder (ADR), to measure and record stream stage at 15-minute intervals. A U.S. Geological Survey Minimonitor recorded pH, specific 1.
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The partial-record stations were visited four times from December 1987 through November 1988 to collect water-quality samples and discharge measurements during different hydrologic conditions. The continuous-record station was also sampled during these basinwide samplings.
All discharge measurements were performed according to U.S. Geological Survey procedures (Rantz and others, 1982) . All water-quality samples were collected and preserved according to U.S. Geological Survey procedures (Brown and others, 1970; Skougstad and others, 1979) .
The initial basinwide sampling at all stations was done on December 7-8, 1987 . This sampling was done during winter base-flow conditions. The second set of samples was collected basinwide during a storm on May 18-19, 1988 . The combination of a steady drizzle throughout the day with an occasional heavy shower saturated the soil profile producing substantial runoff. From observations made during this storm sampling, it is believed that all waterquality samples were collected along the rising limb of the hydrograph or very near peak flow.
Samples were again collected basinwide on June 21-22, 1988, during summer base-flow conditions. These data represent extremely low baseflow conditions as a result of the lack of precipitation during June and July. The last substantial rainfall prior to this third sampling was the May 18-19 storm. The fourth basinwide sampling was done on August 17-18, 1988 during a late summer base flow. The base flow during this fourth sampling was higher than the base flow sampling of June.
Field Measurements
Field measurements associated with all water-quality sampling included pH, specific conductance, water temperature, and dissolved oxygen. Alkalinity and acidity titrations of the monthly samples collected at the continuousrecord station were done in-field according to standard U.S. Geological Survey methods (U.S. Geological Survey, Pickering, R.J., written commun., 1981). The alkalinity and acidity results for the partial-record sites were determined by PaDER Water Quality Laboratory titrations. Field pH was measured with an Orion lonalyzer Model 399A pH meter 1 . A Beckman Solu-Bridge Conductivity Meter 1 was utilized for specific conductance measurements. Water temperature was determined with a certified mercury thermometer. Dissolved oxygen measurements were determined with a Hydrolab Model 4041 1 . All field meters were calibrated daily according to the manufacturers' specifications prior to field measurements.
Sample Preparation
After collection, water-quality samples were divided into splits for the various analyses. Splits intended for dissolved constituents were filtered through 0.45 micrometer cellulose nitrate membranes. Splits intended for metals analyses, both total and dissolved, were preserved with nitric acid to reduce the sample pH to 2. All splits for nutrient analysis were preserved with mercuric chloride. All water-quality samples were stored in ice until delivered to the PaDER Water Quality Laboratory, usually within 24 to 48 hours after collection. Suspended-sediment samples were delivered for analysis to the U.S. Geological Survey's Pennsylvania Sediment Laboratory, Harrisburg Office.
Laboratory Schedules
Two laboratory analysis schedules were developed for this project. Monthly samples collected at the continuous-record station were submitted to the laboratory under lab schedule 432. This schedule included analyses for certain total and dissolved metals, base cations, major anions, and nutrients. The water-quality samples collected basinwide were submitted for laboratory analyses according to lab schedule 431. This schedule included analysis for total metals, total base cations, and total anions. The constituents and analysis techniques involved with each of these two schedules are listed in table 2.
Quality Assurance and Quality Control
A quality-assurance plan was developed and maintained to assure accurate and consistent laboratory results. Water-quality duplicate samples were collected throughout the study and submitted for analysis to test laboratory consistency. Duplicate water-quality samples collected and analyzed under identical procedures for two additional CHIA studies during the same period of study were used to provide a more thorough statistical evaluation of the laboratory analyses. A Wilcoxon Two-Sample Test, which compared the duplicate data as two independent groups, showed no evidence to indicate any significant difference between groups for any of the constituents. A more precise test of duplicate compatibility also was performed. The differences between duplicate pairs were calculated for each of the constituents. Ideal consistency and repeatability would result in a value of zero for each difference. A nonparametric signed-rank test was used to test whether the median difference of each constituent was significantly different from zero. The results, shown in table 3, indicate that at the 95-percent confidence level there was no significant difference between zero and the median difference of the duplicate pairs for all constituents except sulfate. The median difference for the duplicate pairs of sulfate was 2 mg/L (milligrams per liter). Although statistically significant because one duplicate group was routinely greater than the other, the difference was not large enough to be of practical significance. Therefore, an acceptable degree of laboratory repeatability was concluded. The routine retrieval and evaluation of preliminary laboratory results identified questionable results at an early stage. Requests were submitted for the reanalysis of these samples. Depending on the constituents involved, the samples were either reanalyzed or the resulting calculations were checked and recalculated. No sample analyses were discarded due to questionable results.
Data Analysis
The water-quality data were reviewed and evaluated to ensure accuracy and validity of the laboratory results. These data have been rounded to the appropriate number of significant figures according to U.S. Geological Survey procedures (U.S. Department of the Interior, 1976). The laboratory results, water-quality field measurements, and stream-discharge calculations are presented in a variety of summary statistics. These statistics were performed by procedures outlined in P- STAT (1986) and SAS (1982) . Graphical representation of the data were performed with TELAGRAF procedures (Issco, 1984) .
STREAMFLOW Monthly Discharge Records
Routine monthly discharge measurements were made at the continuous-record station on Little Clearfield Creek at Dimeling. Although 16 discharge measurements were available for determining the stage-discharge relation for this station, only those measurements associated with monthly water-quality samples are listed in table 4 along with their respective water-quality results. A step-backwater analysis was also performed to help define the stage-discharge relation (Davidian, 1984) . This relation was computed according to U.S. Geological Survey methods described in Rantz and others (1982) . Results of these computations were used to develop an expanded rating table for the stage-discharge relation for the period of study and are listed in table 5. Although the control section showed no significant shift during the period of study, the reliability of this rating table for future measurements will depend on the future stability of the control area.
Continuous-Discharge Record
The daily mean discharge for Little Clearfield Creek at Dimeling is listed in table 6. These daily mean values, computed from the continuous stream stage records, and the daily precipitation record at Curwensville Lake are shown in figure 3 . The low flows at the station during June and July were directly related to the lack of substantial precipitation from mid-May to midJuly. The lowest flow for the period of record occurred in mid-August.
The peak flow for Little Clearfield Creek at Dimeling, for the period of record, occurred on February 2-3, 1988. Slight warming the first week of February coupled with a light but prolonged rainfall, melted the snowpack and flushed the stream channel of all accumulated ice. A water-quality sample was collected and discharge measurement made at the Dimeling station near the peak flow for this event.
Ice affected the stage-discharge relation from December 28 through February 2 and from February 14 through 19. Discharges were estimated for these periods, as well as for a period in November and December 1987, prior to the station's installation. Estimated discharges were computed on the basis of gage height observations, high water marks, field measurements, weather records, and hydrograph comparisons (Kennedy, 1983) .
Partial-Record Discharges
The 17 partial-record sites were visited four times over the course of the project during different hydrologic conditions and events. The scope of this study did not permit for a thorough evaluation of the stage-discharge relation at each of these sites. Discharge measurements were made during each visit. These discharge measurements have been listed in tables 11, 12, 13, and 14 along with the respective water-quality data. The chemical analyses for the monthly water-quality samples collected at Little Clearfield Creek at Dimeling, including both field and laboratory analyses, are listed in table 4. These results appear fairly consistent throughout the study period as they generally reflect base-flow conditions. Summary statistics of these results are listed in table 7.
The most noticeable exception involves the snowmelt-rainfall event on February 2, 1988. Maximum concentrations of the analyzed metals were associated with this event. Total iron increased from its median concentration of 380 /ig/L (micrograms per liter), as determined from monthly water-quality samples, to about 21,000 A*g/L, total aluminum increased from 90 to 12,300 A*g/L, total manganese rose from 235 to 1,100 /ig/L, and total zinc increased from <10 to 100 A*g/L near the peak of this event.
Continuous Water-Quality Record
The Little Clearfield Creek at Dimeling station recorded pH, specific conductance, and water temperature at 1-hour intervals. Daily mean values, computed from these continuous records for the period of study, are listed in tables 8, 9, and 10. The hourly pH values were first converted to hourly hydrogen ion concentrations. The daily mean concentrations were then calculated, and these values were converted back to pH. Missing pH record during February resulted when the peak flow flushed the stream channel of all ice and subsequently damaged the pH probe. These daily mean data are plotted in figure 4. This figure illustrates the annual variation during the period of study associated with Little Clearfield Creek near its point of discharge from the CHIA basin.
Partial-Record Water Quality
Water-quality results from the four basinwide samplings are listed by event in tables 11, 12, 13, and 14. These results include both field and laboratory analyses. These water-quality samples were collected over a range of hydrologic conditions. The first sampling event reflects winter base-flow conditions. The second sampling was done during the rise of a spring storm. The third sampling event occurred during extremely low base-flow conditions, which persisted during the early and mid summer. The fourth sampling event reflects more moderate base-flow conditions present in late summer and early autumn.
Results of these basinwide samplings showed headwater streams in less disturbed areas, such as Green (P) and Stony Run (Q), possess low alkalinity and low specific conductance characteristics during periods of base flow. Conversely, tributaries in areas near active mining operations, such as Laurel Run (C) and the upper reaches of Watts Creek (R), exhibited elevated metal concentrations during base flow. These characteristics were not as pronounced in the results from the storm sampling, at which time metal concentrations were substantially higher at nearly all sample locations. 
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SUMMARY
Little Clearfield Creek basin, located in Clearfield County, Pennsylvania, was selected for this study because future mine-permit applications for areas within this basin were anticipated. In an effort to document existing surface water conditions, a streamflow and water-quality assessment of the entire basin was done from December 1987 through November 1988.
Precipitation to this area was 18 percent below normal for the 11-month period of study. The streamflow of Little Clearfield Creek decreased substantially during the summer when precipitation was absent. Peak flow for the period of record occurred on February 2, 1988. A rainfall event that produced substantial runoff removed all ice from the stream channel at this time. A water-quality sample collected at Little Clearfield Creek at Dimeling during this peak flow contained the highest concentrations for most total and dissolved metals.
Basinwide sampling revealed several headwater streams with low alkalinity and low specific conductance. These streams may be more susceptible to degradation as a result of mining activities. Stream quality in more disturbed areas already reflects some degradation as evidenced by the elevated metal concentrations during base flow. The complexity of a basin, including its geology and the extent of all previous mining, must be considered in great detail to improve the interpretation of the available water-quality data.
